Abstract: Stylommatophoran land snails and slugs generally mate by shell-mounting or face-to-face. Although phylogenetic evidence suggests that the mating position has remained more or less constant throughout the evolution of most lineages, other aspects of mating behavior and associated reproductive characters are highly variable. Along with other gastropods, therefore, stylommatophoran land snails and slugs could be particularly useful in trying to understand sex and sex allocation theory in hermaphrodites. It is often difficult, however, to compare mating behavior in different species because the literature is difficult to access or reports have not been formally published. Here we review studies on the mating behavior of snails and slugs, with the additional aim of creating a central access point and database for use as a resource by those interested in stylommatophoran mating behavior. As we maintain the database, updated versions will be made available at http://www.molluscs.org.
The mating behavior of a wide variety of stylommatophoran land snails has been observed, but the descriptions are often within texts that are not easily accessible, or cannot be searched electronically. Many malacologists have also made their own informal observations of mating behavior, but do not publish them for lack of time, or because they are not perceived to be of sufficient worth on their own. Because there have been no recent reviews of the mating behavior of snails and slugs, we set out to collect as many observations together as possible, both formal and informal. Such an approach has already proved useful in trying to understand how so-called "love" darts evolved . Differences in mating behavior have also been used to understand the distribution of chiral variation (or asymmetry) among different taxonomic groups (Asami et al. 1998 ) and the evolution of external sperm exchange (Emberton 1994) . The aim of this brief review, therefore, is to create a starting point for a compilation of data on the mating behavior of stylommatophoran snails and slugs.
Although there are some exceptions (e.g., the elongated penes and external fertilization of Limax maximus Linnaeus, 1758), mating in the majority of land snails and slugs can be classified as either face-to-face or shell-mounting ( Figure 1 ; Asami et al. 1998) . The vast majority of species are also simultaneous hermaphrodites. In theory, therefore, four different modes of mating are possible because sex is also either simultaneous reciprocal (both individuals are male and female at the same time) or unilateral (each individual has a defined role as male or female during a single round of mating):
Face-to-face, simultaneous reciprocal; Face-to-face, unilateral; Shell-mounting, simultaneous reciprocal; Shell-mounting, unilateral.
When two individuals mate unilaterally, they often switch roles after one round of mating-male becomes female and female becomes male. The frequency with which this occurs is difficult to assess because it requires extended observations, and also the frequency of mate switching depends upon the condition (or desire) of each snail (Koene and Ter Maat 2005) . The problem is further complicated because often the most efficient means to make laboratory observations of mating behavior is to isolate individuals for some time before bringing them together. For a variety of possible reasons (e.g., availability of seminal fluid), isolated individuals are more likely to switch mates after one round of mating (Koene and Ter Maat 2005) .
Another concern is whether sperm or spermatophore transfer is always reciprocal if mating is reciprocal; from an evolutionary point of view, the reciprocal exchange of sperm is just as important. In some species of Succinea Draparnaud, 1801 that mate reciprocally by shell-mounting, sperm transfer is sometimes unilateral (Jordaens et al. 2005) , whereas other species such as Arianta arbustorum Linnaeus, 1758 have a high reciprocity (Baur 1998) . In species that develop as males before becoming simultaneous hermaphrodites, such as Lissachatina (Achatina) fulica Bowdich, 1822, sperm transfer may frequently be unilateral (Tomiyama 1993) .
We surveyed the formal literature on the mating behavior of land snails and slugs and then classified each species as to whether it mates face-to-face, by shell-mounting, simultaneous reciprocally, or unilaterally (Table 1) . We also included informal observations, when available (mating position and, to a lesser extent, reciprocity can be scored from photographs), and tried to identify video recordings of mating behavior (Table 2) . One striking, immediately apparent result is that face-to-face mating is exclusively associated with simultaneous reciprocal mating. Snails and slugs in three monophyletic groups mate face-to-face and simultaneous reciprocally: the Helicoidea, Limacoidea, and Philomycidae .
One other reason to study mating behavior is to understand the evolution of "love" darts. Tompa 1980 , Baminger et al. 2000 , Koene and Schulenberg 2005 . At the extreme of the spectrum, some species of Euhadra Pilsbry, 1890 repeatedly stab a dart (∼3000 times) during "foreplay" prior to mating (J. Koene and S. Chiba, personal communication) . Opinions also vary over what constitutes a dart. Although some might contend that an "amatorial" organ is a dart, we argue that while darts and amatorial organs may (or may not) have similar functions, they are clearly distinguishable because only the former is a "hard, calcified or chitinous organ that is used to pierce a partner during mating" .
There have been very few formal observations of dart use. The only photographs that we are aware of showing darts "in use" are of C. aspersus (Koene and Chase 1998a , 1998b , Landolfa et al. 2001 , Rogers and Chase 2001 , Rogers and Chase 2002 , Koene and Schulenberg 2005 , Cepaea nemoralis , and Trichotoxon heynemanni (Schilthuizen 2005) . It would therefore be useful if creating a database also stimulated malacologists to record dart use and to publicize their efforts. We have recently used information in the database to show that dart-bearing species are confined to the same three monophyletic groups mentioned above (the Helicoidea, Limacoidea, and Philomycidae) and that they all mate face-to-face and simultaneous reciprocally. However, there is no evidence that the relationship is causal .
Although there are still some large clades of snails for which there have been few observations of mating behavior, an interesting dichotomy has emerged between invariant mating position and other highly variable reproductive characters. Some species have head warts (Binder 1977 , Takeda 1982 , Falkner 1993 , penial stimulators (Reise 2004) , or amatorial organs (Panha 1987) , whereas individuals in other species bite off the penis of their partner (Leonard et al. 2002) or entwine their penes before exchanging sperm externally (Quick 1960) . Although it has been known that some families tend to have the same shell shape (Cain 1977) , the strong and (almost) invariant correlation between mating position and shell shape has mostly been overlooked (Asami et al. 1998 .
Our attention is drawn to the exceptions. In the helicoid group, species of Amphidromus Albers, 1850 have highspired shells but still mate reciprocally, even between chirally-reversed individuals (M. Schilthuizen, personal communication). As they also lack darts, it is tempting to speculate that the shell-shape change and lack of darts are in some way associated, but there is no firm evidence. Clausiild snails are interesting because some species mate unilaterally whereas others mate reciprocally; there is even withinspecies variation (Nordsieck 2005a, 2005b) . Finally, Oreohe- lix Pilsbry, 1904 is another intriguing genus because it mates by shell-mounting (Webb 1951) . Although its phylogeny is unclear (Wade et al. 2006) , we predict that it will either fall within the helicoid group or be basal to it. We expect that observations of mating behavior will grow over the coming years and so will continue to update the database of mating behavior (updated versions at http:// www.molluscs.org). We welcome any data that we have inadvertently excluded, including single photographs.
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